In France, an epidemic peak of acute diarrhea is observed each winter. Previous results suggested a viral etiology for these winter epidemics. We investigated the role of enteric viruses in acute diarrhea and their molecular diversity. One hundred sixty-one patients with acute diarrhea and 45 healthy patients (controls) from the general population were given a standardized questionnaire between December 1998 and May 1999. Stool specimens were screened for group A and C rotaviruses, human caliciviruses, astroviruses, and adenovirus types 40 and 41 by reverse transcription-PCR and/or enzyme immunoassay. Virologic analysis was positive for 63 cases (39%). Caliciviruses and group A rotaviruses were the most frequent (19 and 17% of cases, respectively). Two control stool specimens were found positive for group A rotavirus, and one was found positive for astrovirus. Molecular characterization of the strains disclosed a cocirculation of P[8],G1, P[8],G4, and P[4],G2 rotaviruses; type 1, 2, 3, 4, and 8 astroviruses; and Sapporo-like and Norwalk-like human caliciviruses. These four types of viruses accounted for an attributable risk of acute diarrhea of 34.7% for the general population, under the assumption of a causal role of these viruses.
Viral gastroenteritis is a common illness in humans of all age groups, with a high morbidity reported worldwide (20) . Four types of viruses often have been considered the cause of this disease all over the world: group A rotaviruses, adenovirus types 40 and 41, astroviruses, and human caliciviruses, including Norwalk-like and Sapporo-like viruses (2, 12, 13, 20) . However, it was not known to what extent community-acquired gastroenteritis was caused by these viruses, as most studies were conducted in hospitals and nursing homes or in the context of outbreaks.
The recent development of sensitive molecular tools, such as reverse transcription (RT)-PCR, led to improved diagnostic assays, particularly for human caliciviruses, allowing etiologic surveys in the community. Consequently, in a previous study (3), Bon et al. looked for the four most important gastroenteritis viruses in children consulting a pediatrician for gastroenteritis and highlighted the importance of viruses as etiologic agents as well as the high rate of Norwalk-like viruses (second after rotaviruses). Similar results were also reported by Pang et al. for young children in the community (33) . To our knowledge, two etiologic surveys in the community have included patients of all age groups, in The Netherlands (7) and in England (35) . These authors conducted large-scale physicianbased studies and detected viruses in 15 and 22% of the cases, respectively.
In France, where acute diarrhea (AD) has been monitored by the Sentinel network of general practitioners (GPs) since 1991 (5) , an epidemic peak is observed each year in winter; it was estimated that about 2% of the French population consulted their GPs for AD during January 1995 (8) . The origin of these forms of gastroenteritis remained unknown, although the results of a case-control study by Letrilliart et al. (24) suggested a viral etiology.
Here, we conducted a physician-based case-control survey of AD nested in the French Sentinel surveillance network during the winter of 1998 to 1999. It included subjects from all age groups from 23 December 1998 to 5 May 1999. Both clinical data and stool samples were collected. Virologic analyses were performed, including screening for group A rotaviruses, human caliciviruses, astroviruses, and adenovirus types 40 and 41 and typing of group A rotaviruses, caliciviruses, and astroviruses. We also investigated the geographical distribution of the identified strains. In addition, we examined the prevalence of group C rotaviruses, which have been reported sporadically as human pathogens in children and adults in several parts of the world (18, 22, 28) .
MATERIALS AND METHODS
Design, case definition, and selection of controls. The 103 GPs with the highest rate of participation in the Sentinel network during the previous 12 months were asked to take part in this study. Eighty GPs responded between 23 December 1998 and 5 May 1999. The cases included during this period were patients experiencing AD, defined as losing at least three soft or aqueous stools per 24 h for less than 2 weeks; 90% of these patients were enrolled before 1 March 1999. Controls were defined as people consulting for any other conditions and not reporting any gastrointestinal symptoms during the month preceding the consultation; these patients were enrolled between 27 February and 5 May 1999. To maintain the same level of precision for estimations for each age group, GPs were asked to include one patient from each of the following age groups: 0 to 3, 4 to 15, 16 to 65, and more than 65 years.
During the consultation, a standardized questionnaire was completed by GPs for each patient after the latter had given informed consent. Each patient was also asked to send by express mail a stool sample to a virology laboratory (Dijon, France). The questionnaire concerned the date and location of the consultation and demographic characteristics of the patient. A description of the diarrhea as well as associated symptoms (nausea, vomiting, abdominal pains, fever, and respiratory difficulties) was also registered in the questionnaire.
Laboratory methods. Stool samples were screened for the presence of group A and C rotaviruses, human caliciviruses, astroviruses, and adenovirus types 40 and 41 by an enzyme immunoassay (EIA) and/or RT-PCR.
Group A rotaviruses were detected by an EIA with group-specific monoclonal antibodies as previously described (34) . Group C rotaviruses were screened by RT-PCR. Briefly, RNA was extracted from 20% stool suspensions in phosphatebuffered saline with a QIA Amp viral RNA kit (Qiagen, Hilden, Germany), and RT-PCR was performed by using primers C1 and C4 as described by Gouvea et al. (14) . Samples which were found negative for group A rotaviruses were tested for both group A and group C rotaviruses by combined RT-PCR assays with a pool of primers: Beg 9 and End 9 (15) and con2 and con3 (11) for group A and C1 and C4 for group C. G and P typing of group A rotaviruses was done as described by Gouvea et al. (15) and Gentsch et al. (11) (the letters G and P indicate the gene segments encoding, respectively, the glycoprotein and the phosphoprotein of the rotavirus).
Human caliciviruses were detected by RT-PCR with four primer sets in separate reactions, thus allowing the detection of Norwalk-like viruses (genogroups I and II) and Sapporo-like viruses. The degenerate primer NVp110, described by Le Guyader et al. (23) , was used for RT, together with NVp36 (37), SR48-50-52 (1), NI (16) , and SR80 (31) for PCR.
Astroviruses and adenovirus types 40 and 41 were detected with an EIA kit (IDEIA Astrovirus [Dako Diagnostics Ltd.] and Adenoclone type 40/41 EIA [Meridian Diagnostics Inc., Cincinnati, Ohio]). For astroviruses, the results were confirmed by amplification of a region located in open reading frame 2 by RT-PCR with primers Mon 244 and Mon 245 by the method described by Noel et al. (30) .
Genotyping of astroviruses and caliciviruses was done by direct sequencing of the PCR products with an ABI Prism Big Dye Terminator Cycle Sequencing Ready Reaction kit (PE Biosystems) and an automated sequencer (model 373A DNA sequencing system [PE Biosystems]).
Sequence analysis was done by using the national service Infobiogen (http: //www.infobiogen.fr). Sequence alignments were carried out by using Clustal W software. Phylogenetic analysis was performed with the PHYLIP package (version 3.5c). Replicate data sets (n ϭ 100) were generated by bootstrap resampling and analyzed by the neighbor-joining method. The tree was drawn with Drawtree software, and the geographic distribution of strains was investigated with Arc-View software (ESRI version 3.2).
Statistical methods.
To estimate the relative risk of AD attributable to viruses, we used binary logistic regression to calculate odds ratios (ORs) and their 95% confidence intervals with LogXact software (CYTEL version 4). We compared categorical data by the chi-square test. Two-tailed tests with a significance level (P value) of Ͻ0.050 were used. The proportion of AD in the general population which could actually be attributable to one of the four screened viruses corresponds to the attributable risk and was calculated as follows (36) : AR ϭ [(OR Ϫ 1) ϫ P i ]/OR; AR is the attributable risk and P i is the proportion of infections in the sample.
RESULTS

Detection of viruses among patients and controls.
GPs interviewed a total of 200 patients and 45 individuals serving as controls, but stool samples were received only from 161 patients and 45 controls. Patients and controls were almost equally distributed among the four age groups. Viral detection was positive for at least one virus in 63 patients (39.1%), including seven dual infections. As shown in Fig. 1 , infections tended to decrease significantly with age, as the proportion of infected patients in each age group decreased by about 10% (the P value for the trend was Ͻ0.001): 54.5% in children 0 to 3 years old, 45.5% for patients who were 4 to 15 years old, 32.6% for patients who were 16 to 65 years old, and 22.8% for patients who were more than 65 years old. Caliciviruses were detected in 31 (19.2%) of AD patients, and group A rotaviruses were detected in 28 (17.4%). Astroviruses and adenovirus types 40 and 41 were detected in seven and four patient samples, respectively (4.3 and 2.5%, respectively), but no group C rotavirus was detected. Among these viruses, two rotaviruses and one astrovirus were detected only by RT-PCR.
Among the seven dual infections, six involved a calicivirus: three dual infections with a rotavirus, two with adenovirus type 40 or 41, and one with an astrovirus. The last one was a dual infection with both a rotavirus and an astrovirus. Among the youngest patients (0 to 3 years old), caliciviruses were as frequent as rotaviruses (29.5 and 27.3%, respectively) ( Fig. 1) , and two patients were dually infected by both a rotavirus and a calicivirus. There was no significant difference in the distributions of rotaviruses in the other three age groups (P ϭ 0.9). Viral detection was positive for 3 of the 45 controls (6.7%). Two of them tested positive for group A rotavirus (0 to 3 and more than 65 years old), and the third one (more than 65 years old) tested positive for an astrovirus, which was detected by RT-PCR. As shown in Table 1 , there was a significant association between any of the four viral identifications and AD (OR, 9.0; 95% confidence interval, 2.7 to 47.4). Subgroup analysis showed a significant association between AD and either caliciviruses (OR, 15.2; 95% confidence interval, 2.6 to infinity) or rotaviruses (OR, 4.5; 95% confidence interval, 1.1 to 40.9). Taken together, the four viruses were responsible for an attributable risk of AD of 34.7% of the general population during the period considered.
Clinical characteristics of viral diarrhea. For the 161 patients who sent in stool samples, complete clinical data were available for only 137, including the description of the diarrhea and associated symptoms, such as nausea or vomiting, fever, abdominal pains, and respiratory difficulties. More patients found positive for at least one virus than patients found negative suffered from nausea or vomiting (P ϭ 0.02) and had aqueous stools (P ϭ 0.045) ( Table 2) . Among the infected patients, more rotavirus-positive than calicivirus-positive patients had fever (57 versus 28%, respectively; P ϭ 0.045). This was the only significant difference between these two groups. These analyses excluded the seven dual infections and the seven single infections with either an astrovirus (five infections) or an adenovirus (two infections). In general, fewer children less than 4 years old than patients over that age had nausea or vomiting (47 versus 50 to 77%; P ϭ 0.003) and abdominal pains (52 versus 83 to 95%; P Ͻ 0.0001).
Genotyping of group A rotaviruses, astroviruses, and caliciviruses. Genotyping of group A rotaviruses by multiplex RT-PCR showed that 17 (61%) of the 28 rotavirus strains detected were P [8] ,G1; 4 (14.5%) were P [8] ,G4 and 4 (14.5%) were P [4] ,G2. The three remaining strains could not be typed. No geographic pattern was observed for the distribution of the different genotypes, and there was no association between a given genotype and age or severity of the illness.
The genotype of each astrovirus strain was determined by sequence analysis of a 348-bp region of open reading frame 2 (nucleotides 4571 to 4918). The strains exhibited a diversity of genotypes. The seven strains detected in the patients were distributed as follows: type 1, one strain; type 2, one strain; type 3, one strain; type 4, two strains; and type 8, two strains. The strain detected in the controls was also classified as type 8 and had 97.4% nucleotide identity with the two type 8 strains detected in the patients. The three type 8 strains were detected in the same geographic area. No association was observed between a given type and age.
The genotypes of 27 of the 31 calicivirus strains were determined by sequencing of a 76-bp fragment of the polymerase gene used for detection. As for astroviruses, the results showed a great diversity of strains clustered in eight different groups (Fig. 2) : 23 of the 27 strains (85%) were Norwalk-like viruses, and the other 4 (15%) were Sapporo-like viruses. Among the 23 Norwalk-like virus strains, five related to Southampton virus (Ͼ92% nucleotide identity) were genogroup I strains. Three other genogroup I strains could not be classified into one of the clusters described: two strains were related to strain JPNNV23 (97% identity), and the other strain was related to strain H104-94J (93% identity) (GenBank accession numbers D82331 and AB020553, respectively). The other Norwalk-like virus strains belonged to genogroup II and could be further divided into four genetic groups represented by Lordsdale virus (eight strains), Melksham virus (three strains), Mexico virus (three strains), and Hawaii virus (one strain). The Sapporo-like virus strains could be divided into two groups, the Sapporo/82 virus group (96% identity with Plymouth virus; GenBank accession number X86559) and the London/92 virus group (95% identity with London/92 virus). As most of the strains were located in geographic regions far from one another, it was difficult to propose a geographic pattern of distribution. However, four out of the five Southampton-like viruses were found in the same northwestern region (Côtes d'Armor), the three Melksham-like viruses were found in the southwestern region, and the three Mexico-like viruses were found in the northern region ( Fig. 3) . Finally, all Sapporo-like viruses were detected in children less than 4 years old, whereas for Norwalk-like viruses, no relationship between a genetic cluster and age was observed.
DISCUSSION
This study reports a physician-based study of AD in France, including 161 patients and 45 controls 0 to more than 65 years old and virologic analyses including group A and C rotaviruses, caliciviruses, astroviruses, and adenovirus types 40 and 41. Our investigation was conducted from December 1998 to May 1999. Here we show that 39% of the patients were infected by at least one virus and that this epidemic was associated not with a single strain but with a large number of strains exhibiting great molecular diversity, as shown by molecular characterization of rotaviruses, caliciviruses, and astroviruses. Calicivirus genotyping revealed a great diversity of strains, including Sapporo-like and Norwalk-like virus strains. Norwalk-like virus strains were the most prevalent and were found in all age groups, whereas Sapporo-like virus strains were found in children less than 4 years old, as previously reported (6) . Among the Norwalk-like viruses, genogroup II strains predominated, and 53% of them (8 of 15) were related to Lordsdale virus. The predominance of genogroup II strains and especially of Lordsdale virus-related strains has been reported in various countries in the last several years (19, 21) . However, whereas the cocirculation of different outbreak strains was observed during certain years (21) , the diversity of strains evidenced here was not previously reported in the general population of industrialized countries over such a short period. Most of the strains described here were detected in various regions, although others, like the Melksham virus-related strains, seemed to be clustered in space and time, suggesting that they might have been recently introduced into the population. However, such clustered strains might also represent rare strains seldom encountered in our study.
The group A rotaviruses that we detected displayed cocirculation of P [8] ,G1, P [8] ,G4, and P [4] ,G2 strains, with the P [8] ,G1 strains predominating. It was previously reported in a 3-year study (4) that the predominant strain circulating in France was P [8] ,G1, followed by P [8] ,G4. The predominance of P [8] ,G1 has been reported in many studies (20) .
Genotyping of astroviruses in our study also disclosed a great diversity of cocirculating types, because the eight strains detected in seven patients and one control included five different types (1, 2, 3, 4, and 8). As in many worldwide studies, a previous pediatrician-based study conducted from 1995 to 1998 (3) showed that type 1 was predominant (9 out of the 10 strains; unpublished data). The diversity described in the present investigation may have been due to the fact that all age groups were tested, whereas most studies reporting type1 predominance were conducted with young children (9, 26, 29, 32) . Here, six of the eight strains detected were found in patients more than 3 years old, and both of the astroviruses detected in jcm.asm.org young children were not type 1 but were types 4 and 8. The uncommon type 8 was detected in three samples from patients living in the same region. This type has been described in the United Kingdom (GenBank accession number Z66541, showing 93.7 to 94.4% identity with the three type 8 strains described here) and was recently reported in Australia, Egypt, and Mexico (25, 26, 27) . An important diversity of astrovirus strains, including type 8, was also reported in Barcelona during the same period as our study (17) . The prevalence of type 8 astrovirus may have been previously underestimated, or type 8 may constitute an emerging type in France.
In this report, we showed that group A rotaviruses and caliciviruses were the most frequent, as they were detected in 17.4 and 19.2% of patients, respectively. Until now, few data were available concerning the prevalence of these viruses in nonhospitalized patients in all age groups, even when sensitive methods were used. In their physician-based study, de Wit et al. (7) found both Norwalk-like viruses and rotaviruses in 5% of patients, and these were the most prevalent viruses. Tompkins et al. (35) also found rotaviruses and small round-structured viruses in 7.7 and 6.5% of patients, respectively, consulting a GP. An evident reason for the higher percentages observed in our study is that we investigated a period shorter than 6 months, including the ; yellow box containing multiplication sign-nontyped; red-group A rotaviruses P [8] ,G1 (open square), P [8] ,G4 (open triangle), and P [4] ,G2 (open circle); red box containing multiplication sign-nontyped. The color gradations in the map indicate the incidence rates for AD as reported on the Sentinel network from December 1998 to May 1999, shown as the number of cases per 100,000 inhabitants (color key to left of map). winter epidemic peak (23 December 1998 to 5 May 1999), and not an entire year.
Controls were included in this study even though they were not matched to patients, because it was far more difficult for GPs to induce control individuals than patients to send in stool samples. Consequently, in this study, only one control was included for four patients, and enrollment began later for controls than for patients. However, when we restricted the patient sample to the 11 patients recruited during the same period as the controls, 4 (36%) were positive, leading to a relative risk of a similar magnitude (OR, 8; 95% confidence interval, 1.5 to 43.4). Therefore, our results do not seem to be due to a bias in the selection of controls.
The present results for the four age groups showed that viral infection was more frequent in children less than 15 years old than in adults. Similar results were obtained in physician-based studies in The Netherlands (21) and the United Kingdom (35) . These results may reflect a nonviral origin for an important part of the gastroenteritis cases among adults. The maximum duration of the diarrhea, as given in the case definition for our study (less than 14 days), makes unlikely a chronic illness as a cause of the gastroenteritis.
The importance of caliciviruses as causative agents of acute gastroenteritis in young children was recently emphasized in a pediatrician-based study conducted in Dijon (3) and in a community-based study conducted with children less than 2 years old in Finland (33) . Another finding concerns the prevalence of rotavirus infection in patients more than 3 years old, which was found to be stable in all age groups. This result indicates that symptomatic infections caused by rotavirus in children more than 3 years old and in adults are not rare, although subclinical infections may be the most common outcome (20) . In our study, only 2 out of 45 controls were infected by a rotavirus, including 1 more than 65 years old. Probably because of the limited number of controls and the recruitment period, which began after the epidemic peak, we did not observe more asymptomatic rotavirus infections.
A viral etiology could not be established for 61% of the cases, despite the use of RT-PCR for caliciviruses, rotaviruses, and astroviruses. The time between sampling and the beginning of clinical symptoms was in most cases less than 7 days and thus may not have accounted for the lack of sensitivity of the virologic methods. In addition to the four viruses tested, other viruses may have been present, such as Aichi virus, suggested to be a novel viral gastroenteritis agent and recently reported in the United Kingdom (10), or other microorganisms may have been present, such as pathogenic bacteria, as previously shown (7, 35) .
Our results indicate that, under the assumption of a causal role of group A rotaviruses, caliciviruses, astroviruses, and adenovirus types 40 and 41, these viruses accounted for an attributable risk of AD of 34.7% for the general French population between 23 December 1998 and 5 May 1999; the most important viruses were caliciviruses and group A rotaviruses. The high incidence of caliciviruses in AD provides important clues to the etiology of large-scale epidemics, especially for undiagnosed gastroenteritis.
In conclusion, the finding that so many virus strains cocirculated during a single epidemic at a national level raises questions about their origins, such as contaminated food or environmental reservoirs, as these viruses are known to be very resistant to environmental factors. Their interactions with the environment are currently under investigation in a limited area in France and over a longer period.
